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Biodiesel is a prospective substitute for diesel fuel that has garnered attention in recent
years due to its environmentally conscious properties. However, biodiesel still exhibits
several drawbacks in its features, namely in terms of its high viscosity, density, and
flashpoint values. These factors can significantly impact the operation of the fuel motor
engine, preventing it from operating at its ideal level. Consequently, biodiesel requires
further processing to acquire properties that are appropriate for use in combustion
engines, such as catalytic cracking with heterogeneous catalysts. The use of
heterogeneous (solid) catalysts can effectively overcome this shortcoming. This study
involved conducting experimental research on the effect of catalytic cracking on the
characteristics of methyl-ester oil using a natural zeolite. The methyl ester was mixed
with 5%mass of zeolite and heated for durations of 10, 15, 20, 25, and 30 minutes.
Heterogeneous catalysts offer several benefits, such as facilitating the separation of
biodiesel products, as well as the ability to regenerate and reuse the catalyst. To
enhance the cost-effectiveness of biodiesel manufacturing. This study observed
alterations in both the chemical composition and physical properties, as demonstrated
by FTIR analysis and fuel physical properties tests. The content is primarily composed of
double-chain (C=0) and single-chain (OH, C-CH3, CH2, CH3, C-O, C-CL, and C-Br)
functional groups detected at absorption wavelengths ranging from 586.17 to 3006.45
cm™. The viscosity, density, flashpoint, and calorific value of the methyl-ester with 5%
zeolite combination dropped as the heating time increased. This is due to the elongation
and subsequent dissociation of the hydrocarbon chains comprising the methyl-ester,
which previously exhibited attractive forces. As a result, the intermolecular forces
diminish, leading to a drop in the value of physical qualities.

1. Introduction

The accelerating rate of population growth and industrialization necessitates a corresponding
increase in energy demand. At present, fossil fuels including petroleum, natural gas, and coal are the
primary energy sources used for industrial, transportation, and domestic purposes. The extensive
exploitation of fossil fuels leads to the depletion of the natural reserves of fossil energy, as energy
from fossil fuels is non-renewable. Given the annual growth in energy demands, it is imperative to
develop renewable energy solutions capable of satisfying future energy requirements. To address
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this issue, some researchers recommend to use biomass and biofuel for substitute the fossil fuel [1-
3]. Numerous nations also have implemented rules that promote the use of biodiesel fuel (BDF),
which is produced from vegetable and animal oils, in place of diesel fuel for industry and
transportation. Utilizing renewable biodiesel has the dual purpose of addressing energy scarcity and
mitigating environmental deterioration caused by extensive reliance on fossil fuels.

Vegetable oil such as palm oil can be used as an alternative fuel in diesel engines due to its
composition and features that are compatible with diesel fuel. Palm oil has a hydrocarbon chain that
closely resembles that of fossil oil. Nevertheless, the utilization of palm oil as a fuel for engines
encounters challenges, including its elevated viscosity, density, and flashpoint in comparison to fossil
diesel oil. Highly viscous and dense fuel in a combustion engine can lead to a loss in engine
performance. According to Rodrigues et al., [4], when the fuel viscosity is high, it might lead to a
decrease in atomization power, resulting in a loss in engine power. Increased viscosity can impede
the functioning of the injection pump in a diesel engine, preventing effective atomization when
biodiesel is sprayed into the combustion chamber. The engine necessitates a greater amount of
energy to atomize the combustion chamber. As a result, the injection produces fuel droplets that are
challenging to burn, rather than a volatile mist [5,6]. The high flashpoint is also a disadvantage of
applying vegetable oil. The flashpoint of a fuel is the lowest temperature at which the fuel can
produce a vapor-air mixture that is capable of igniting or burning. A fuel with a higher flashpoint value
will have a longer igniting time and may decrease the efficiency of the combustion engine [7,8].
Hence, it is necessary to refine palm oil into a more refined oil to utilize it as a replacement for
traditional oil.

Methyl ester biodiesel is often produced by the transesterification process, which involves
reacting vegetable and animal oils with alcohol [9-11]. Methyl ester is a viable alternative fuel that
may be derived from vegetable oil and possesses the same physical and chemical characteristics as
petroleum. Unfortunately, there are several drawbacks to using biodiesel derived from
transesterification as opposed to conventional fuels. These include corrosion caused by the high
unsaturated content, poor storage stability, inadequacy in cold climates, low energy content, toxic
methane content, and high cost. The cost of bio-based fuels, like methyl esters, is higher in
comparison to petroleum due to their susceptibility to fluctuations in raw material prices. Specifically,
around 60-70% of the price of methyl ester is contingent upon the price of vegetable oil. It also has
shortcomings related to its physical properties, so some researchers suggest mixing it with kerosene,
diesel, or additives to improve it [12,13]. Hence, it is necessary to employ supplementary techniques
to enhance the efficiency of methyl-ester usage. Catalytic cracking technology is one method that
can be applied to improve the properties of biodiesel.

Catalytic cracking is a reaction that uses a catalyst (a heterogeneous catalyst) as a material that
can accelerate the reaction rate and reach equilibrium, the end product of the reaction, through the
mechanism of carbonium ion formation [14]. Catalytic cracking is a common way to break long
carbon chains into shorter hydrocarbon chains using a catalyst. Several studies have indicated that
the process of catalytic cracking enhances the competitiveness of biodiesel [15-19]. With the aid of
a catalyst, lengthy carbon chains are split into short, simple hydrocarbon chains or molecules during
catalytic cracking [20-23]. In addition, this process can be carried out at lower temperatures and
pressures with the help of a catalyst.

Precipitation deposition, ion exchange, adsorption, and impregnation are several ways employed
to utilize catalysts in inducing cracking. Immersing the catalyst carrier in a solution containing the
active metal and precursor salt infuses it [24,25]. When there is no exchange of anions or cations
with the active phase, impregnation occurs. lon exchange involves the interchange of ions between
the active metal and the carrier, as opposed to impregnation. This method uses precursor salts to
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add cations to the zeolite through alkali or alkaline earth cation exchange [26-28]. Diverse catalysts
used in certain experiments yielded distinct biofuels when used to crack various vegetable oils.
Factors like reaction time, reaction temperature, and catalyst type can influence the composition of
the produced biofuel. This procedure has been employed to transform vegetable oils into low-
molecular-weight hydrocarbon fractions to resolve biodiesel issues associated with fuel
characteristics.

Researchers are currently developing a cracking process using readily available natural zeolite
catalysts to manufacture biofuel from palm oil. This process can break down complex hydrocarbons
into simpler molecules, thereby increasing the quality and quantity of the products produced. This
study aims to examine the feasibility of the proposed methods (catalytic cracking using natural
zeolite) for improving biodiesel quality, and some fuel properties of the palm oil methyl esters have
been analyzed.

2. Methodology
2.1 Material

This research used an esterification process to prepare biodiesel (methyl ester) from palm oil. We
then cracked the methyl ester using the proposed method. We use natural zeolite as a catalyst for
the catalytic cracking process. Zeolite catalysts are physically and chemically activated. Physical
activation consists of heating the zeolite to evaporate the water trapped in the pores of the zeolite
crystals so that the surface area is large. We carry out chemical activation to remove any remaining
dirt from the zeolite surface. Zeolite activation begins with washing with distilled water. We then
dried it at 110 °C. Following the washing and drying process, we soaked the zeolite in 2 M HCl and
then baked it at 500 °C for 3 hours.

2.2 Experimental Procedure

Figure 1 show the schematic of apparatus instalation for cracking process. We carry out the
biodiesel cracking process by mixing zeolite with 5% of the mass. The mass of the biodiesel sample
for each test is 300 grams. Next, we carry out the cracking process by heating the catalyst and
biodiesel mixture to a temperature of 100 °C. We varied the heating time for 10, 15, 20, 25, and 30
minutes. We test several biodiesel properties, including viscosity, density, flash point, and heating
value, after the cracking process. We also conducted FTIR testing on the biodiesel cracking results in
this study. We used FTIR to look at how changing the age of transformer oil insulation affected the
chemical bonds in the sample's functional group composition [29].
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Fig. 1. Schematic of the apparatus for the cracking process
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3. Results and Discussion
3.1 FTIR (Fourier-Transform Infrared Spectroscopy) Analysis

FTIR (Fourier-Transform Infrared Spectroscopy) analysis was conducted to identify compounds in
the biodiesel. Biodiesel methyl esters were analysed by FTIR after the cracking process. FTIR analysis
have been carried out on all samples. The wave absorption from FTIR test results can be seen in
Figure 2 and Table 1. The tested samples exhibit wave absorption in the range of 1000-1300 cm-*
and 1741.40 cm-1, indicating the presence of C—00 and C=0 functional groups.

Transmittences (%)

T Y T

4000 3000 2000 1000
Wave Number (Cm'')
Fig. 2. FTIR spectra wave results

Table 1
The functional group contained in the methyl-ester oil in each wavenumber
Vibration type Wave number (cm?)

Palm oil methyl- Palm oil methyl- Palm oil methyl- Palm oil methyl- Intensity
ester ester (zeolite 5% ester (zeolite 5% ester (zeolite 5%
& 100 °C) in & 100 °C) in & 100 °C) in
15 minutes 30 minutes 15 minutes
O-H 3005.03 3006.45 3006.45 3006.45 Medium to
strong
C-CHj (stretching) 2922-2853.85 2922.31-2853.85  2922.31-2853.85  2922.31-2853.85  Strong
Cc=0 1741.40 1741.40 1741.40 1741.40 Medium to
strong
CH; bending (C-C) 1437.62-1461.87  1437.62-1461.87  1437.62-1461.87  1437.62-1461.87 Week to
strong
CH; bending (C-C) 1362.03 1360.61 1360.61 1362.61 Medium
C-0 1118.15-1243.66  1118.15-1243.66  1118.15-1243.66  1118.15-1243.66  Strong
C-C 1021.17 1029.72 1031.15 1031.15 Medium to
strong
C-C(Cout plane)  848.69 850.02 847.02 848.60 Low to
medium
C-CL - - 722.66-771.A58 721.66-771.58 Strong
C-Br - - - 586.17 Strong
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Subsequently, the oxygen content that binds to other chemical elements can form different
compounds beyond the methyl ester. The oxygen content in the mixture can take several forms,
including alcohols, ethers, carboxylic acids, ketone groups, and esters. Furthermore, we analysed the
spectra and transmittance data for each sample in Figure 3 (subtopic 3.2) to determine the
dominance of the contents, specifically by focusing on the transmittance peaks of the functional
groups detected in each wave. The results are as shown in Table 2.

Table 2

The functional groups present in the methyl-ester oil on transmittance

Vibration type Wave number (cm™)

Palm oil methyl-ester  Palm oil methyl-ester  Palm oil methyl-ester  Palm oil methyl-ester

(zeolite 5% & 100 °C)  (zeolite 5% & 100 °C) (zeolite 5% & 100 °C)
in 15 minutes in 30 minutes in 15 minutes

O-H 90.51 89.70 89.96 89.61

C-CHs (stretching) 13.11 12.87 12.11 11.68

Cc=0 10.00 10.00 10.00 10.00

CH, bending (C-C) 64.59 63.62 63.60 63.08

CH3 bending (C-C)  79.65 78.57 78.73 78.19

c-0 41.98 41.45 41.29 40.95

C-C 81.66 80.66 79.88 78.07

C-C (C out plane) 89.87 88.93 89.28 88.79

C-CL - - 69.35 68.58

C-Br - - - 90.10

Table 2 demonstrates that the methyl-ester hydrocarbon chain remains relatively long, as
indicated by its dominant transmittance of 13.11% in the main forming functional group (C-CH3).
After heating with zeolite, the results decreased to 12.87%, 12.11%, and 11.68%. This indicates that
the main compound forming the methyl ester is still quite long because the transmittance is still in
the range of 10%-25%. Additionally, we detected other forming groups, specifically C-C, emerging
from the compound bond chain with a transmittance value of 89.87%. With the addition of methyl-
ester and zeolite heating time, the transmittance values decreased to 88.98%, 89.28%, and 88.79%,
respectively. This decrease is an indication that there is a break in the hydrocarbon chain and a
dominance of functional groups, which increases with increasing heating time [30].

Table 2 also shows the supporting functional groups, including C=0, which has a constant value
of 10%. In addition, there are C-O compounds that bind to oxygen with a value of 41.98%, 41.45%,
41.29%, and 40.95%. As the heating time increases in this functional group, the transmittance value
decreases, indicating an increase in the dominance of carbon and oxygen bonds in the heated methyl-
ester compound. The FTIR results also showed halogen compounds trapped in the methyl-ester
functional groups, namely C-CL and C-Br. This group has transmittance at 69.35%, 68.58% for C-CL,
and 90.10% for C-Br. In this scenario, the zeolite transports the halogen compounds, combining with
the methyl ester to function as the catalyst. The FTIR test finally detects this trapped compound,
which stabilizes as heating increases.

3.2 Analysis of Viscosity, Flash Point, and Calorific Value

Figure 3 shows the effect of catalytic cracking on the properties (viscosity, flash point, and calorific
value) change of methyl ester. Figure 3(a) shows the viscosity of the biodiesel methyl ester after the
cracking process for 0 to 30 minutes. We obtained the graph by testing the viscosity with a viscometer
using the ASTM D88 standard. The test results for the values on the graph revealed that the long
heating time of the methyl-ester with a 5% zeolite mixture was the cause of the trend. The graph
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shows a trend where there is a decrease in the viscosity value for each heating time of methyl-ester
with a 5% zeolite mixture, but there is a not-too-significant increase at 30 minutes of heating time.

The viscosity of the biodiesel before cracking was 5.12436 cSt. Subsequently, the cracking process
for 10 minutes decreased to 4.53232 cSt. The heating time further decreased to 3.93219 cSt, 3.27897
cSt, and 3.21680 cSt for 15 minutes, 20 minutes, and 25 minutes. At 30 minutes of heating time, it
has a value of 3.25827 cSt. The fuel parameter, viscosity, determines the ease of injecting and
atomizing the fuel in the combustion chamber. Figure 3(a) demonstrates that the viscosity value
decreases as the heating time of the 5% methyl-ester and zeolite mixture increases. The reason for
this is that the chain of hydrocarbon compounds that initially attracted each other in the methyl ester
began to stretch, break, and eventually cut off. Due to this, the intermolecular forces are getting
weaker, and the viscosity value is decreasing. The FTIR results demonstrate this, revealing a
transmittance of 89.87%—88.79% in the absorption of waves 850.02-847.52 cm?. In this absorption
area, there is a single hydrocarbon chain (C-C) cut off from the main hydrocarbon chain, whose
concentration is increasing. This value indicates a significant number of broken single chains within
the long compound chain. This phenomenon leads to a proven decrease in viscosity [31].
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Fig. 3. Effect catalytic cracking on (a) Viscosity (b) Flashpoint of biodiesel (c) Calorific value

Figure 3(a) also shows that, after heating for 10 minutes, the methyl-ester still does not meet the
ASTM D7467 standards because it exceeds its maximum value. After 15-20 minutes of heating, the
methyl ester still meets the minimum and maximum standards of ASTM D6751 and ASTM D7467.
Furthermore, after heating for 25-30 minutes, the methyl-ester still meets the minimum standards
of ASTM D7467 but does not meet the ASTM D6751 standards because it does not reach its minimum
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value. Figure 3(b) displays the biodiesel's flash point. We discovered that the trend emerged from
the duration of heating the methyl-ester with a 5% zeolite mixture until it reached the flash point
value. The graph shows that as the heating time goes up, the flash point value of the methyl ester in
a 5% zeolite mixture goes down. The result was 191°C at a heating time of 0 minutes, 135°C at 10
minutes, and 69°C, 59°C, and 61°C at 15 minutes to 30 minutes. The flash point is the minimum
temperature at which the fuel can cause sparks, such as a flash. In addition, the flash point will
indicate the level of volatility of the fuel. The analysis reveals that the fatty acid content has led to a
decrease in the flashpoint test graph. Fatty acids will affect the flash point because the structure of
fatty acids is in the form of a straight chain, which makes the surface area of the molecule larger. As
a result, fatty acids have quite large intermolecular forces compared to conventional petroleum fuel
compositions.

The graph in Figure 3(b) shows a decrease in the flashpoint value as a result of catalytic cracking.
The shorter hydrocarbon chains and longer heating time of the methyl-ester with a 5% zeolite
mixture are responsible for this. The FTIR results demonstrate this, showing a decrease in wave
absorption from 850.02 cm™ to 847.52 cm™. In this absorption area, there is a chain of single
hydrocarbon groups (C-C), which indicates that there is a broken chain in the long compound chain.
This will lead to a decrease in the value of the intermolecular forces as they become increasingly
stretched. The small intermolecular forces make it easier for the hydrocarbon bonds to break the
chain and make the evaporation value smaller. The observation results also indicate that the flash
point value of methyl-ester meets the minimum standard values of ASTM D6751 and ASTM D7467.
However, after heating for 15-30 minutes, it only meets the minimum limits of ASTM D7467.

Figure 3(c) displays a graph of the changes in the calorific value of the methyl ester due to catalytic
cracking for 0-30 minutes. We tested the calorific value of the methyl ester using a bomb calorimeter.
The results indicate that heating the methyl ester for an extended period with a 5% zeolite mixture
alters the calorific value. The graph demonstrates a decrease in the calorific value of methyl ester
upon cracking using natural zeolite. At a heating time of 0 minutes, the calorific value was 9683.924.
It increased significantly in 25-30 minutes, with values of 9198.8928 cal/gr and 9198.9928 cal/gr.
Constituent compounds, which rely on the basic constituents, affect the heating value of biodiesel.
Increasing the heating time and catalyst concentration in the catalytic-cracking process speeds up
the reaction and increases the number of molecular collisions, leading to the breaking of more and
more carbon chains.

Furthermore, the termination of this carbon chain affects the molecular weight, which will get
smaller and cause the heating value to decrease. The FTIR results support this, showing transmittance
of 89.87%-88.79% for the absorption of waves 850.02-847.52 cm?. In this absorption area, there is a
single hydrocarbon chain (C-C) cut off from the main hydrocarbon chain, whose concentration is
increasing. This value confirms that the length of the broken chain in the compound chain has
increased. This phenomenon verifies a decrease in the heating value. The formation of C-Br and C-Cl
bonds upon heating for 25-30 minutes further supports this phenomenon. This bond has a lower
breaking energy than C-C, and because of this, the heating value decreases. Figure 3(c) shows that
after cracking for 0-20 minutes, the methyl ester still met the minimum standards. However, after
cracking for 25-30, it does not reach the minimum limit of the EN14213 standard.

4. Conclusions

The impact of catalytic cracking with natural zeolite on the methyl ester's characteristics has been
observed. The study's findings led to the following conclusions:
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i The FTIR test revealed that the hydrocarbon compounds separated from the long
compounds at the absorption of waves 850.02—-847.52 cm?, with a transmittance of
89.87% to 88.79%. This absorption area indicates that there is a single hydrocarbon chain
(C-C) cut off from the main hydrocarbon chain whose concentration and dominance are
increasing.

ii. Catalytic cracking using a 5% natural zeolite decreased some of the methyl ester's physical
properties (viscosity, flashpoint, and calorific value). The chain of hydrocarbon
compounds is stretched and broken into shorter hydrocarbons. It causes the
intermolecular forces to weaken, leading to a decrease in the viscosity, flashpoint, and
calorific value of methyl ester. The FTIR results support this, showing transmittance of
89.87%—88.79% for the absorption of waves 850.02-847.52 cm?. In this absorption area,
there is a single hydrocarbon chain (C-C) cut off from the main hydrocarbon chain, whose
concentration is increasing. This value confirms that the length of the broken chain in the
compound chain has increased.
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